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(54) Image forming apparatus, replacement assembly for image forming apparatus and 
integrated circuit chip therefor 



(57) The present invention provides an electro pho- 
tographic image forming apparatus comprising a re- 
placement assembly having a toner container (2) at- 
tachable to the image forming apparatus, a feeding unit 
to feed toner from the toner container to a development 
unit, and a read/write non-volatile memory (21), where- 
in, the image forming apparatus comprising an estima- 



tion unit which generates information in such way that 
first, the estimation unit obtains an amount of a toner 
feed period for the feeding unit during forming images, 
next, accumulates the amount of a toner feed period into 
an accumulated sum of the amount of a toner feed pe- 
riods, then, generates the information on the amount of 
toner in the replacement assembly and stores the infor- 
mation in the read/write non-volatile memory (21). 



FIG.3 



cL 

21 

d 

NON-VOLATILE 
MEMORY 



a 

to 
© 
o 

CM 
CM 



TONER DENSITY 
SENSOR 



34 



CLOCK 
DATA 



14 



15 



ROM 



CPU 



RAM 



16 



Ql 
LU 



Printed by Jouve, 75001 PARIS (FR) 



1 

Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0001] The present invention generally relates to an 
image forming apparatus, such as a printer, a copy ma- 
chine, a facsimile which can form an image using an 
electro photographic method, and more particularly to a 
replacement assembly for the image forming apparatus, 
which is attachable to a main body of the image forming 
apparatus and is able to determine the quantity of toner 
in a toner container, such as a toner cartridge, and an 
integrated circuit chip therefor. 

2. Description of the Related Art 
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[0002] Conventionally, a toner cartridge or a toner bot- 
tle for the image forming apparatus, such as a printer 
which forms images using an electro photographic 
method, is supplied as one of the replacement parts, 
which enables a user to replace the toner cartridge or 
the toner bottle. 

[0003] It is desirable to have a measuring method to 
know the amount of unused toner in the toner cartridge 
so that the cartridge can be replaced at a proper time 
before the toner cartridge becomes empty so as not to 
damage the quality of the printed image. 
[0004] To meet this demand, conventionally, a detec- 
tor for detecting the amount of the unused toner, such 
as a toner sensor, is used. For example, the detector 
which has a light source and a photo detector inside the 
toner bottle is in practical use and a detection method 
in which the amount of unused toner in the toner bottle 
is detected using a sound wave is also proposed. 
[0005] Further, another detection method in which a 
density sensor placed at the bottom of a toner tank in a 
development unit to which the toner is supplied from the 
toner cartridge is also proposed. In this method, an emp- 
ty toner bottle is detected when an output of the density 
sensor becomes greater than a predetermined thresh- 
old value, because the less the toner remaining in the 
toner cartridge, the lower becomes the toner density at 
the bottom of the toner tank, and as a result of it, the 
output value from the inversely proportional density sen- 
sor is increased. 

[0006] However, the former method in which a detec- 
tor for detecting the amount of the unused toner is used 
results in a complicated construction of the main body 
which holds the toner bottle or a complicated construc- 
tion of the toner bottle itself. This raises the cost of the 
image forming apparatus and the replacement assem- 
bly Further, if the detector becomes inoperable, the 
amount of the unused toner can not be calculated ac- 
curately. 

[0007] The latter method in which the density sensor 
is placed at the bottom of a toner tank in a development 



unit, poses a problem of a mis-detection. A fluctuation 
of the amount of used toner depending on a printing 
speed or contents of images, and furthermore a delay 
of feeding the toner cause a fluctuation of the toner den- 
5 sity. As a result, the toner density is mis-detected and 
then this mis-detection causes a fluctuation of the sen- 
sor output because the density sensor placed at the bot- 
tom of the toner tank only detects a local density. 
[0008] Fig. 13 shows output samples from the sensor 
10 under these conditions in the prior art. Fig. 13 shows a 
fluctuation of sampled values of the sensor output for 
each color (Y: yellow, M: Magenta, C: Cyan and K: 
Black) in every page when color images are printed. A 
horizontal axis shows sampling points and a vertical axis 
15 shows the sensor output voltage V. The lower becomes 
the density, the greater becomes the output voltage. Fig . 
13 shows the fluctuations of the sensor output caused 
the fluctuations of the toner density under regular con- 
ditions. For example, M becomes higher than 3 V at a 
20 sampling point around 73. This is caused by a condition 
where little unused toner remains in the toner tank and 
the toner density is gradually decreasing. Therefore, if 
the threshold value of toner is set to 3 V, then the end 
of the toner will be indicated in spite of toner remaining 
25 in the toner tank.. 



fit 1MMARY OF THE INVENTION 

[0009] It is a general object of the present invention 
so to provide an image forming apparatus in which the 
above disadvantages are eliminated using a means for 
calculating the amount of the unused toner in a toner 
bottle. In the image forming apparatus which has a re- 
placement assembly for the image forming apparatus, 
35 such as a toner cartridge, which is attachable to a main 
body of the image forming apparatus, an exact amount 
of the unused toner in a toner cartridges is monitored 
without using a co nventional toner end sensor in the ton- 
er cartridge. 

40 [0010] To meet the above mentioned demand, ac- 
cording to the present invention, each period for feeding 
toner into a development unit in the main body of the 
image forming apparatus from the toner container is ac- 
cumulated. Then, the amount of the unused toner re- 
45 maining in the toner bottle is estimated based on the 
total accumulated period. Further, it is another object of 
the present invention to provide an image forming ap- 
paratus which can adapt to a printing speed even if it is 
changed. Therefore, according to the present invention, 
so it is possible to estimate the exact amount of the unused 
toner remaining in the toner bottle even if the feeding 
speed of the toner is changed according to the printing 
speed. Further, it is another object of the present inven- 
tion to provide an image forming apparatus which can 
55 efficiently manage information pertaining to the amount 
of the unused toner for each toner bottle among a plu- 
rality of the toner bottles, a replacement assembly for 
such an image forming apparatus and an integrated cir- 
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cuit chip therefor. 

[0011] Further, it is another object of the present in- 
vention to provide an image forming apparatus which 
can exactly detect an end of the toner .that is, when all 
the toner has been used, without causing a mis-detec- s 
tion even if a conventional toner density sensor placed 
at the bottom of a toner tank in a development unit is 
used. 

[0012] To meet the above mentioned demand, ac- 
cording to the present invention, the end of the toner is 10 
detected using the conventional toner density sensor 
placed at the bottom of a toner tank after the above men- 
tioned total accumulated period for feeding the toner is 
increased over a predetermined threshold value. 
[0013] Further, it is another object of the present in- ^ 
vention to provide an image forming apparatus which 
can adapt to a changing printing speed. Therefore, ac- 
cording to the present invention , it is possible to estimate 
the exact amount of the unused toner remaining in the 
toner bottle even if the feeding speed of the toner is 20 
changed according to the printing speed. Further, it is 
another object of the present invention to provide an im- 
age forming apparatus which can efficiently manage the 
information pertaining to the amount of the unused toner 
for each toner bottle among a plurality of toner bottles, 2£ 
a replacement assembly for such an image forming ap- 
paratus and an integrated circuit chip therefor. 
[0014] The above objects of the present invention are 
achieved by an electro photographic image forming ap- 
paratus comprising: 3t 

a replacement assembly having a toner container 
attachable to the image forming apparatus; 
a feeding unit to feed toner from the toner container 
to a development unit; and 3 
a read/write non-volatile memory; 

wherein, the image forming apparatus comprising: 

an estimation unit which generates information in * 
such way that first, the estimation unit obtains an 
amount of a toner feed period for the feeding unit 
during forming images, next, accumulates the 
amount of a toner feed period into an accumulated 
sum of the amount of a toner feed periods, then, < 
generates the information on the amount of toner in 
the replacement assembly and stores the informa- 
tion in the read/write non-volatile memory. 

[0015] According to the invention, the exact informa- • 
tion on the replacement assembly can be managed 
without a complicated construction of the main body or 
the toner bottle itself and without raising the cost. As a 
result, this enables proper management of the replace- 
ment assemblies according to the present invention. 
[0016] The above objects of the present invention are 
achieved by an electro photographic image forming ap- 
paratus comprising: 



a replacement assembly having a toner container 
attachable to the image forming apparatus; 
a feeding unit to feed toner from the toner container 
to a development unit; 

a toner detection unit which detects a density of the 
toner in the development unit and detects that all 
the toner is used in that the toner container is com- 
pletely empty; and 
a read/write non-volatile memory; 

wherein, the image forming apparatus comprising: 

an estimation unit which generates information in 
such way that first, the estimation unit obtains an 
amount of the toner feed periods for the feeding unit 
during forming images, next, accumulates the 
amount of the toner feed period into an accumulat- 
ed sum of the amount of a toner feed periods, then 
stores the accumulated sum in the read/write non- 
volatile memory and causes the toner detection unit 
to start detecting the amount of the toner contained 
in the toner container after the accumulated sum ex- 
ceeds a predetermined threshold value. 

[0017] According to the present invention, an end of 
the toner is calculated exactly without causing a mis- 
detection even if a conventional toner density sensor 
placed at the bottom of a toner tank in a development 
unit is used. As a result, this enables the management 
of the replacement assemblies according to the present 
invention. 

[001 8] The above objects of the present invention are 
achieved by the image forming apparatus, wherein the 
image forming apparatus is able to operate under a plu- 
rality of image forming conditions, 

when a linear velocity for feeding the toner is 
changed according to the image forming condition, the 
estimation unit compensates for the amount of the toner 
used during a feed period during forming images ac- 
cording to the changed linear velocity. 
[001 9] The above objects of the present invention are 
also achieved by the image forming apparatus, 
wherein the estimation unit separately stores each ac- 
cumulated sum for each linear velocity in the read/write 
non-volatile memory. 

[0020] According to the present invention, an exact 
estimate of the amount of the toner is provided when the 
image forming apparatus is able to operate under a plu- 
rality of image forming conditions. 
[0021 ] The above objects of the present invention are 
achieved by the image forming apparatus, wherein the 
estimation unit calculates a sole accumulated sum from 
a plurality of the compensated amounts of toner used 
during the feed period for a plurality of linear velocities. 
[0022] According to the present invention, it is possi- 
ble to reduce a memory area to store information on the 
accumulated sum. 

[0023] The above objects of the present invention are 
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achieved by the image forming apparatus, wherein the 
read/write non-volatile memory is placed in the replace- 
ment assembly. 

[0024] According to the invention, it is possible to 
store information on the amount of the toner in each ton- 5 
er bottle and to properly manage the data for each bottle. 
[0025] The above objects of the present invention are 
achieved by an IC chip attachable to an electro photo- 
graphic image forming apparatus, the IC chip having a 
read/write non-volatile memory which is connected to a io 
CPU in the electro photographic image forming appara- 
tus when the IC chip is attached to the electro photo- 
graphic image forming apparatus and is controlled by 
the CPU, wherein 

an accumulated sum of an amount of toner feed 15 
periods during which toner is supplied from a toner con- 
tainer to a development unit in the image forming appa- 
ratus, is stored in the read/write non-volatile memory, 

the accumulated sum is read from the read/write 
non-volatile memory when the IC chip is attached to the 20 
image forming apparatus, 

the accumulated sum read from the read/write 
non-volatile memory is transferred to a main body of the 
image forming apparatus, 

a new accumulated sum of the amount of the toner 25 
feed periods is calculated when the toner is supplied 
from a toner container to a development unit in the im- 
age forming apparatus, and 

the new accumulated sum is rewritten over the ac- 
cumulated sum which is already stored in the read/write 30 
non-volatile memory. 

[0026] The above objects of the present invention are 
also achieved by the IC chip as claimed in claim 7, 
wherein the IC chip separately stores each accumulated 
sum for each linear velocity in the read/write non-volatile 35 
memory. 

[0027] According to the present invention, it is possi- 
ble to store information pertaining to the amount of the 
toner in the IC chip as a removable media. As a result, 
it is possible to properly manage information on the 40 
amount of the toner for each user of the IC chip as the 
removable media. 

[0028] The above objects of the present invention are 
achieved by a replacement assembly having a toner 
container attachable to the image forming apparatus 45 
comprising the IC chip. 

[0029] According to the invention, it is possible to 
store information on the amount of the toner in the toner 
container and to properly manage the data for each ton- 
er container. 50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Other objects, features and advantages of the 
present invention will become more apparent from the 55 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 



Fig.1 shows a schematic diagram of an image form- 
ing apparatus according to an embodiment of the 
present invention; 

Fig.2 shows a detail of the development unit of the 
image forming apparatus shown in Fig.1 according 
to an embodiment of the present invention; 
Fig.3 shows a block diagram of a non-volatile mem- 
ory (cartridge memory) attached to a toner bottle 
and a control unit of a main body of the image form- 
ing apparatus according to an embodiment of the 
present invention; 

Fig.4 shows the cartridge memory attached to the 
toner bottle according to the present invention; 
Fig.5 shows a connection means for connecting the 
cartridge memory with the main body according to 
the present invention; 

Fig. 6 shows a flow chart of a control operation for 
feeding the toner into the development unit in the 
main body according to the present invention; 
Fig. 7 shows a flow chart of an embodiment of the 
present invention of a procedure for accumulating 
each period of feeding the toner; 
Fig. 8 shows a flow chart of another embodiment of 
the present invention of a procedure for accumulat- 
ing each period of feeding the toner; 
Fig. 9 shows an embodiment of the present inven- 
tion of a flow chart of a procedure for calculating the 
amount of used toner, and the amount of unused 
toner; 

Fig. 10 shows a flow chart of another embodiment 
of the present invention of a procedure for calculat- 
ing the amount of used toner and the amount of un- 
used toner; 

Fig. 11 shows a flow chart of an operation for feeding 
the toner in which the detection of the end of the 
toner is initiated and the calculation of the end of 
toner is performed, according to the present inven- 
tion; 

Fig. 1 2 shows a subroutine for the calculation of the 
end of toner shown in Fig.1 1 ; and 
Fig. 13 shows a fluctuation of sampled density val- 
ues of the sensor output under the regular operating 
condition of the prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031 ] Next, an embodiment according to the present 
invention will be explained with reference to accompa- 
ning figures. 

[0032] Fig.1 shows a schematic diagram of an image 
forming apparatus according to an embodiment of the 
present invention. The image forming apparatus 1 prints 
out color images in tandem. A detachable toner bottle 2 
as a toner cartridge is attached to the image forming ap- 
paratus 1. It is one object of the present invention to 
properly calculate the amount of the unused toner re- 
maining in the toner bottle and when there is no more. 
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[0033] The outline of the image forming apparatus will 
be explained with reference to Fig.1 . The image forming 
apparatus 1 has a development unit 3, a photosensitive 
unit 37, a charged roller 38, an optical writing unit 4, a 
transfer unit 5, a fixing unit 6 and a paper feeding unit 
7. The image forming apparatus 1 has four-kinds of de- 
velopment units 3, one for each of four colors (Y: yellow, 
M: magenta, C: cyan, BK: black) because of employing 
a tandem printing method for printing the color image. 
Therefore, the image forming apparatus 1 also has four 
photosensitive units 37, four charged rollers 38 and four 
transfer rollers 51 for the four colors. 
[0034] The optical writing unit 4 exposes each photo- 
sensitive unit 37 with a light (laser) beam which is mod- 
ulated by image data for each color and writes the image 
on the photosensitive unit 37 using raster scanning. The 
optical writing unit 4 has a polygon motor, a polygon mir- 
ror, an f6 lens, a laser diode, a mirror, and so on. 
[0035] Next, the image forming operation will be ex- 
plained with reference to Fig.1 . Arrows in Fig.1 show a 
movement path for a transfer paper P. The transfer pa- 
per P in the paper feeding unit 7 is transported to the 
photosensitive unit 37 by means of a transport belt 52. 
The photosensitive unit 37 rotates clockwise and its sur- 
face is charged by the charged roller 38. Then, the op- 
tical writing unit 4 exposes the laser beam on the pho- 
tosensitive unit 37 and the electrostatic latent image is 
formed on the photosensitive unit 37. This latent image 
on the photosensitive unit 37 is developed by toner in 
the development unit 3. The visible image on the pho- 
tosensitive unit 37 is transferred to the recording paper 
P at the photosensitive unit 37 by the transfer rollers 51 . 
Then, procedures described above are repeated by 
each photosensitive unit 37 for four colors. After the pro- 
cedure for four colors is finished, the recording paper P 
is transported to the fixing unit 6 and the visible image 
is fixed by the fixing roller 61 . Then, the recorded paper 
P is transferred out of the image forming apparatus 1 . 
[0036] Next, the construction of the toner bottle 2 as 
a toner cartridge and the development unit 3 and their 
operation will be explained. 

[0037] A toner bottle 2 for the development unit 3 for 
each color is attached to the main body of the image 
forming apparatus 1 and each toner bottle is detachable. 
The toner in each toner bottle is fed into each develop- 
ment unit 3 through each tube. An amount of the unused 
toner remaining in the toner bottle 2 is estimated by 
means of a method according to the present invention, 
which is precisely described later, and the end of the 
toner, that is, when there is no more toner in the toner 
bottle, is calculated, based on the estimated amount of 
the unused toner before the toner is completely used. 
This enables the timely replacement of the toner bottle. 
Otherwise, the decision time to detect the end of the ton- 
er by the density sensor is limited based on the estimat- 
ed amount of the unused toner. As a result, according 
to the present invention, the time to replace the toner 
bottle is exactly calculated and therefore, the high qual- 



ity image printed on the recording paper is maintained. 
[0038] Fig. 2 shows a detail of the development unit 3. 
As shown in Fig.2, the development unit 3 has a toner 
supply pump 31 , mixing screws 33, a toner density sen- 
5 sor 34, a toner regulation .unit 35 and a development 
sleeve 36. 

[0039] The toner is fed into the development unit 3 by 
the toner supply pump 31 through the tube connected 
to the toner bottle, which is not shown, and a toner ac- 

10 cess 32. The fed toner is mixed by the mixing screws 
33 and then it is passed to the development sleeve 36. 
The toner density at the bottom of the toner tank is de- 
tected by the toner density sensor 34 placed at the bot- 
tom of the toner tan k. The detected toner density is used 

is to control feeding of the toner and to calculate the end 
of the toner, which will be precisely described later. 
[0040] The toner bottle 2 in the image forming appa- 
ratus 1 of the present embodiment has a read/write non- 
volatile memory for storing various kinds of data, which 

20 is referred to as a cartridge memory. 

[0041 ] Fig .4 shows the cartridge memory attached to 
the toner bottle. As shown in Fig.4, the toner bottle 2 
has a circuit board 21 on which an IC chip of the car- 
tridge memory is provided and a connector part 22 

25 which connects the cartridge memory to the - image 
forming apparatus 1 . An accumulated period for feeding 
the toner, data of the amount of the used toner, data of 
the amount of the unused toner, and so on are stored in 
the cartridge memory. Then, the data for such items, 

30 which varies according to operational conditions of the 
image forming apparatus 1 , is read from or written to the 
cartridge memory. 

[0042] A control operation for reading the data from 
or writing the data to the cartridge memory is executed 

35 by a CPU in a control unit of the CPU. Therefore, on 
attachi ng the toner bottle 2 to the main body of the image 
forming apparatus 1 , the cartridge memory is directly 
connected to the CPU in the control unit in the main body 
of the image forming apparatus 1 through the connector 

40 part 22, 

[0043] Fig. 5 shows a connection means for electrical- 
ly connecting the cartridge memory with the main body 
when the toner bottle 2 is attached to the main body. As 
shown in Fig. 5, the connector part 12 in the main body 

45 js provided at a joint of a bottle supporting assembly 1 1 
which resiliently the bottle 2 attaches to the main body. 
Then, the bottle 2 is supported and electrically connect- 
ed to the main body thro ugh the connector part 12 in the 
main body and the connector part 22 in the bottle 2. 

50 [0044] Fig. 3 shows a block diagram of the non-volatile 
memory (cartridge memory) attached to the toner bottle 
and the control unit of the main body of the image form- 
ing apparatus according to an embodiment of the 
present invention. As shown in Fig.3, the toner bottle 2 

55 has the cartridge memory 21 and the CPU 14 in the main 
body of the image forming apparatus 1 can read the data 
from of write the data to the cartridge memory 21 . The 
CPU 14 is in charge of the control function for the entire 
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image forming apparatus 1 and has a ROM 15 which 
stores a software program, data for the program and da- 
ta for the control function, and a RAM 16 which serves 
memory for the CPU. 

[0045] In this embodiment, an IC chip (memory chip) 
which includes the cartridge memory having the non- 
volatile memory (EEPROM) is connected to the CPU 1 4 
in the main body through the l 2 C bus. The l 2 C bus is a 
serial communication bus which employs two wires, one 
for a clock line and another for a data line. 
[0046] Next, an embodiment of the present invention 
of a means for calculating the amount of the used toner 
and a means for managing the information pertaining to 
the calculated amount of the used toner for the image 
forming apparatus as shown in Fig.1 to 5 is discussed. 
[0047] The means for calculating the amount of the 
used toner can also calculate the amount of the unused 
toner without using any sensor. However, the calculated 
amount on the unused toner is also used as a criterion 
to start the detection operation of the end of the toner 
by means of a toner density sensor. 
[0048] In this embodiment, each period for feeding 
toner into the development unit 3 in the main body of the 
image forming apparatus 1 from the toner bottle 2 is ac- 
cumulated. Then, the total amount of the used toner is 
estimated based on the accumulated period. Therefore, 
the amount of the unused toner remaining in the toner 
bottle can be estimated. As a result, the amount of the 
unused toner remaining in the toner bottle is exactly es- 
timated without using a detector for detecting the 
amount of unused toner in the toner bottle. 
[0049] The period for feeding toner is a controlled var- 
iable for controlling the amount of the toner fed from the 
toner bottle 2 into the development unit in the main body. 
Therefore, the estimation to obtain the amount of the 
used (or unused) toner is performed in a control proce- 
dure using the period data for feeding toner as the con- 
trolled variable. 

[0050] Fig. 6 shows a flow chart of the control proce- 
dure for feeding the toner. 

[0051] An embodiment of the control procedure will 
be explained with reference to Fig. 6. 
[0052] This control procedure is executed every time 
a command to print an image on a paper is supplied, 
and after the whole procedure is finished, it waits for the 
next command. 

[0053] In this procedure, first, at a step S61 , it is as- 
certained whether a supply timer value is set to zero. 
This supply timer value corresponds to the amount of 
the toner to be fed during this print period. The supply 
timer value is determined based on an output value of 
the toner density sensor 34 at the time after the previous 
print operation or the development for the image for one 
page is finished. The detailed procedure will be ex- 
plained later. 

[0054] In the case that the feeding period value set in 
the supply timer is not zero (S61 -No), at a step S62, the 
toner is fed into the development unit 3 by means of driv- 
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ing the toner supply pump 31 . The amount of the toner 
fed into the development unit 3 is controlled based on 
the period during which the toner supply pump 31 is be- 
ing driven. The suppty timer starts decreasing its feeding 

5 period value set in the supply timer at a step S64 soon 
after the toner supply pump 31 start feeding, and the 
toner supply pump 31 keeps feeding the toner until the 
feeding period value set in the supply timer becomes 
zero. At a step S63, the feeding period value set in the 

10 supply timer is continually checked until the feeding pe- 
riod value becomes zero. 

[0055] When the feeding period value becomes zero 
(S 63- YES), the toner supply pump 31 stops feeding the 
toner and therefore no more toner is fed into the devel- 

15 opment unit 3. 

[0056] Next, the feeding period value having been 
used for feeding the toner is accumulated into an accu- 
mulated sum of the feeding periods and the accumulat- 
ed sum is stored in the non-volatile memory. The accu- 

20 mulated sum of each feeding period value is proportion- 
al to the amount of the used toner. Therefore, it is re- 
quired to maintain a record of this accumulated sum for 
each toner bottle. To meet this demand, the stored ac- 
cumulated sum is read from the non-volatile memory be- 

25 fore the bottle is used for feeding the toner, and the ac- 
cumulated sum, to which the amount of the newly used 
toner is added, is re- written into the non-volatile mem- 
ory after the feeding of the toner is finished. 
[0057] It is desirable to keep the data such as the ac- 

30 cumulated sum for each toner bottle in non-volatile 
memory because the data is associated with each toner 
bottle. Although it is possible to have such non-volatile 
memory in the main body of the image forming appara- 
tus, this causes problems as follows. For example, it is 

35 required to keep track of the attached toner bottle and 
other bottles to properly manage the data for each bottle 
because the data for other bottles do not indicate the 
amount of the unused toner for the attached bottle. Fur- 
ther, the bottle is limited to use in the image forming ap- 

40 paratus which keeps the data for the bottle because oth- 
er image forming apparatuses do not have access to the 
data for the bottle. 

[0058] To address the problem mentioned above, ac- 
cording to the present invention, the IC chip having the 

45 non-volatile memory as the cartridge memory 21 is pro- 
vided on the toner bottle 2. As a result, on attaching the 
toner bottle 2 to the image forming apparatus 1 , the ac- 
cumulated sum is read from the cartridge memory 21 on 
the toner bottle 2, and the accumulated sum, to which 

so the amount of the newly used toner is added, is re-writ- 
ten into the cartridge memory 21 after the printing oper- 
ation is finished. Therefore, the cartridge memory 21 
can always contain the exact accumulated sum associ- 
ated withthe toner bottle 2. 

55 [0059] Next, in Fig.6, at the step S66, the manage- 
ment data such as the newly accumulated sum is re- 
written into the non-volatile memory. Then, when the 
print operation is finished (S67-YES), an output value of 
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the toner density sensor 34 is read at a step S68. If the 
read output value is lower than a reference value, which 
is a predetermined value for controlling the amount of 
the toner to be fed, at the next time for printing, the 
amount of the toner to be fed is increased. On the other 
hand, if the read output value is greater than the refer- 
ence value, at the next time for printing, the amount of 
the toner to be fed is decreased. As a result, the amount 
of the toner in the development unit is controlled to keep 
the toner density constant based on the output value of 
the sensor. The amount of toner fed into the develop- 
ment unit 3 is controlled based on the period during 
which the toner supply pump 31 is being driven, that is 
to say, the toner feeding period. Next, at a step S69, the 
tonerfeeding period is calculated and determined based 
on the toner density output from the toner density sensor 
and the determined toner feeding period is set into the 
supply timer and then, this procedure is terminated. For 
example, the determination of the toner feeding period 
mentioned above is performed in such a way that first, 
a difference between the reference value found by con- 
ducting an experiment for a certain type of apparatus 
and a toner density output value from the toner density 
sensor is determined, and then, the toner feeding period 
is determined according to the difference. 
[0060] In case that the feeding period value in the sup- 
ply timer is set to zero(S61 -YES), then the supply timer 
is set based on the output value of the toner density sen- 
sor without executing the feeding of the toner and with- 
out performing other operations. 
[0061] As mentioned above, the amount of the un- 
used toner can be monitored without using the toner 
density sensor because the accumulated sum of the 
tonerfeeding periods is calculated at the step S66 and 
the amount of the used toner is estimated in the proce- 
dure shown in Fig.6. 

[0062] Next, another embodiment of the present in- 
vention will be explained. In the embodiment, the exact 
amount of the used toner is estimated even if the toner 
supply pump 31 has a different performance. 
[0063] For example, there are many modes in which 
it is required to increase the printing speed at the cost 
of the image quality such as image resolution or in which 
it is required to decrease the printing speed in order to 
improve the image quality. Under these conditions, the 
amount of the toner to be fed into the development unit 
should be-adjusted, and therefore it is required to 
change the speed of the toner supply pump 31 in order 
to print the image properly. To meet this demand, the 
speed of the toner supply pump 31 is changed in order 
to supply the proper amount of the toner. 
[0064] In the case that the printing speed needs to be 
increased, the amount of the toner to be fed becomes 
inadequate if the speed of the toner supply pump 31 is 
kept low. Therefore, the speed of the toner supply pump 
31 should be increased. However, in such case, if the 
relation between the feeding period value and the 
amount of the toner to be fed is kept unchanged, the 



amount of the toner to be fed will be mis-estimated. As 
a result, the exact amount of the toner to be fed cannot 
be estimated. 

[0065] To address this problem, according to the 

s present invention, the accumulated sum of the feeding 
periods is calculated for each speed, revolutions per 
minute (rpm) or each linear velocity, of the toner supply 
pump 31 and the calculated data is stored for each rpm 
or each linear velocity. 

10 [0066] Fig. 7 shows a flow chart of an embodiment of 
a procedure for accumulating each period of feeding the 
toner. This procedure is used in the toner supply control 
procedure in the step S66 shown in Fig.6. 
[0067] In the procedure shown in Fig.7, first, at a step 

15 S71 , the linear velocity of the toner supply pump 31 is 
found. In this embodiment, as two linear velocities of the 
toner supply pump 31 are used, it is first determined 
which linear velocity is used. If the linear velocity is de- 
tected to be a linear velocity 1 (S71-YES), then the new 

20 feeding period value is added to the accumulated sum 
of the feeding periods for the linear velocity 1 at a step 
S72 and the new accumulated sum of the feeding peri- 
ods can be calculated. On the other hand, if the linear 
velocity is detected to be a linear velocity 2 (S71-NO), 

25 then the new feeding period value is added to the accu- 
mulated sum of the feeding periods for the linear velocity 
2 at a step S73. 

[006B] As mentioned above, both the accumulated 
sum for the linear velocity 1 and the accumulated sum 

30 for the linear velocity 2 are stored in the non-volatile 
memory. As a result, the amount of the used toner and 
the amount of the unused toner are estimated based on 
the stored accumulated sums. The procedure to calcu- 
late the amount of the used toner and the amount of the 

35 unused toner will be explained later. 

[0069] Further, it is possible to keep the relation be- 
tween the feeding period value and the amount of the 
toner to be fed proportional by employing a compensa- 
tion of the accumulated sum of the feeding periods 

40 based on the linear velocity of the toner supply pump 
31 . This compensation can integrate the two kinds of 
accumulated sums of the feeding period into one accu- 
mulated sum. As a result, two memory areas for storing 
two kinds of accumulated sums can be combined into 

45 one memory area. 

[0070] Fig.8 shows a flow chart of another embodi- 
ment of a procedure for accumulating each period of 
feeding the toner. This procedure is used in the toner 
supply control procedure in the step S66 shown in Fig.6. 

50 [0071] In the procedure shown in Fig.8, first, at a step 
S81 , the linear velocity of the toner supply pump 31 is 
checked. In this embodiment, as two linear velocities of 
the toner supply pump 31 are used, it is first determined 
which linear velocity is used. If the linear velocity is de- 

55 tected to be a linear velocity 1 (S81 -YES), then the new 
feeding period value is multiplied by a compensation 
factor 1 for the linear velocity 1 at a step S82. On the 
other hand, if the linear velocity is detected to be a linear 
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velocity 2 (S81-NO), then the new feeding period value 
is multiplied by a compensation factor 2 for the linear 
velocity 2 at a step S83. These compensation factors 
are provided for integrating the two kinds of accumulat- 
ed sums into one accumulated sum by weighting the s 
feeding period values. In this embodiment, the compen- 
sation factor 1 is equal to 1 and the compensation factor 
2 is equal to a value of (the rpm of the supply pump 2 
/the rpmof the supply pump 2). The feeding period value 
forthe linear velocity 1 is multiplied by the compensation 
factor 1 and the feeding period value for the linear ve- 
locity 2 is multiplied by the compensation factor 2. It is 
also possible to use other compensation factors which 
are experimentally determined because the compensa- 
tion factors may not be proportional to the rpnYs. 
[0072] As mentioned above, each toner feeding peri- 
od value is weighted to have an equivalent value so that 
both feeding period values can be added to one accu- 
mulated sum. The procedure for weighting is executed 
at a step S84 as follows. 

Total accumulated sum of the feeding 
periods = the accumulated sum of the feeding periods 
+ new feeding period 1 x compensation factor 1 
+ new feeding period 2 x compensation factor 2. 

[0073] As a result, it is possible to estimate the man- 
agement data such as the amount of the unused toner. 
It should be noted that the embodiment mentioned 
above can also be applied to the embodiment in which 
the non-volatile memory is the cartridge memory 21 . 
[0074] Next, another embodiment of the present in- 
vention is explained for estimating the amount of the 
used toner and the amount of the unused toner based 
on the accumulated sum of the feeding periods accord- 
ing to the relation between the accumulated sum of the 
feeding periods and the amount of the used toner and 
the amount of the unused toner. 
[0075] Fig. 9 shows a flow chart of a procedure for cal- 
culating the amount of the used toner and the amount 
of unused toner. 

[0076] As shown in Fig.9, first, at a step S91, the 
amount of the used toner is estimated. The accumu lated 
sum of the toner feeding periods is a sum of each period 
during which the toner supply pump 31 is operating. The 
amount of the used toner per a unit time is dependent 
on the rpm of the toner supply pump 31 . Therefore, the 
amount of the toner fed into the development unit can 
be calculated using both the amount of the used toner 
per a unit time and the accumulated sum of the feeding 
periods. Therefore, the total amount of the used toner 
can be calculated as follows: 



the total amount of the used toner (g) 
= the accumulated sum of the feeding periods (sec.) 
x the amount of the used toner per a unit time 
(g/sec.). 

[0077] The amount of the unused toner can be easily 
calculated from the total amount of the used toner at a 
step S92 as follows: 

the amount of the unused toner (%) 
= ((initial amount of the unused toner (g) 
- total amount of the used toner (g)) 
/ initial amount of the unused toner (g)) x 1 00. 

[0078] It is desirable to store the initial amount of the 
unused toner (g) of the toner bottle 2 in the cartridge 
memory 21. 

[0079] Next, another embodiment for calculating the 
total amount of the used toner (g) and the amount of the 
unused toner (%) will be explained. 
[0080] This embodiment addresses the same case 
described above in which the rpm of the toner supply 
pump 31 is changed in order to supply the proper 
amount of the toner, in this embodiment, to meet this 
demand, each accumulated sum of the feeding periods 
(sec.) for each linear velocity of the supply pump 31 is 
multiplied by each compensation factor. As a result, it is 
possible to estimate the exact amount of the used toner 
even if two linear velocities of the toner supply pump 31 
are employed. 

[0081 ] Fig. 1 0 shows a flow chart of this - embodiment 
of a procedure for calculating the amount of the used 
toner and the amount of unused toner. 
[0082] As shown in Fig.10, first , at a step S1 01 , the 
amount of the used toner is estimated. 
[0083] Both the accumulated sum 1 of the feeding pe- 
riod for the linear velocity 1 and the accumulated sum 2 
of the feeding period forthe linear velocity 2 are stored. 
Both the compensation factor 1 and the compensation 
factor 2 are used to weight both the accumulated sum 
1 and the accumulated sum 2 to make them to be com- 
binable. The procedure for weighting is executed as fol- 
lows: 

the total accumulated sum of the feeding 
periods (sec.) 
= the accumulated sum 1 of the feeding period x 
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the compensation factor 1 
+ the accumulated sum 2 of the feeding period x 

5 

the compensation factor 2 

, where the compensation factor 1 = 1 and the compen- 
sation factor 2 = (an rpm of the supply pump 2 / an rpm 
of the supply pump 1). 10 
[0084] The amount of the toner fed into the develop- 
ment unit can be calculated using both the amount of 
the used toner per a unit time and the accumulated sum 
of the feeding periods. Therefore, the total amount of 
the used toner can be calculated as follows: 15 

the total amount of the used toner (g) 
= the accumulated sum of the feeding periods (sec.) 2Q 
x the amount of the used toner per a unit time 
(g/sec.). 

25 

[0085] The amount of the used toner per a unit time 
(g/sec.) is dependent on the reference rpm of the toner 
supply pump 31 or the linear velocity 1 . 
[0086] The amount of the unused toner can be easily 
calculated from the total amount of the used toner at a 30 
step S102 as follows: 

the amount of the unused toner (%) 

35 

= ((initial amount of the unused toner (g) 
- total amount of the used toner (g)) 
/ initial amount of the unused toner (g)) x 100. 4Q 

[0087] It is desirable to store the initial amount of the 
unused toner (g) of the toner bottle 2 in the cartridge 
memory 21. 

[0088] The amount of the used toner and the amount 45 
of the unused toner can also be stored in the non-volatile 
memory with the accumulated sum of the feeding peri- 
ods or in place of the accumulated sum of the feeding 
periods. 

[0089] Next, another embodiment of the present in- so 
vention will be explained. In this embodiment, the accu- 
mulated sum of the feeding periods is used to delay 
starting the detection of the end of the toner by the toner 
density sensor based on using the estimated amount of 
the unused toner, in place of using the toner density sen- 55 
sor for estimsting the amount of the unused toner. 
[0090] As described in the summary of the invention, 
in order to exactly detect an end of the toner without 



causing the mis-detection, the end of the toner is detect- 
ed using the conventional toner density sensor 34 
placed at the bottom of a toner bottle 2 after the amount 
of the used toner exceeds a predetermined value. 
[0091] In this embodiment, the amount of the used 
toner to be used as a criteria to judge whether the toner 
density sensor 34 can be used to detect the end of the 
toner, corresponds to the accumulated sum of the feed- 
ing periods. 

[0092] Fig. 11 shows a flow chart of an operation for 
feeding the toner in which the detection of the end of the 
toner is initiated and the calculation of the end of toner 
is performed. 

[0093] In this embodiment, the accumulated sum of 
the feeding periods or the amount of the unused toner 
is estimated in the same toner supply control operation 
as described in the embodiment shown in Fig. 6. Further, 
a procedure to calculate the end of the toner is also per- 
formed in the toner supply control operation. 
[0094] Steps shown in Fig. 11 are the same steps as 
those shown in Fig.6 except for adding a step S119 for 
the calculation of the end of the toner. Therefor, the 
steps S111 to S118 shown in Fig. 11 correspond to the 
steps S61 to S68 shown In Fig.6 and the step S120 
shown in Fig. 11 correspond to the step S69 shown in 
Fig.6. The explanation of the same steps shown in Fig. 
11 as those shown in Fig.6 are omitted. 
[0095] Next, the procedure S119 shown in Fig. 11 to 
calculate the end of the toner will be explained. 
[0096] Fig. 12 shows a subroutine for the procedure 
S1 1 9 to calculate the end of toner. The step S1 1 9 mainly 
consists of three steps S1 22, S1 23 and S1 26. In the step 
S122, it is determined whether the detection of the end 
of the toner can be started. In the step S123, the output 
of the toner density sensor 34 is monitored. In the step 
S126, a result of the detection is displayed. 
[0097] First, in a step S121 , data of the accumulated 
sum of the feeding periods is read from the non-volatile 
memory. This data is estimated and stored at the step 
S116. In case that each accumulated sum of the feeding 
periods for each linear velocity is stored separately, as 
shown in Fig. 7, the accumulated sums of the feeding 
periods are added to each other after each accumulated 
sum of the feeding periods' is weighted by the compen- 
sation factor for each linear velocity. On the other hand, 
in case that the accumulated sum of the feeding periods 
is stored after the accumulated sum of the feeding pe- 
riods is weighted by the compensation factor for each 
linear velocity, the stored accumulated sum of the feed- 
ing periods can be used as it is. 
[0098] Next, it is determined whether the detection of 
the end of the toner can be started based on the thresh- 
old values. 

[0099] The detection of the end of the toner should be 
started before the toner is completely used. Therefore, 
first, a shortest period, that is, the shortest elapsed time 
period during which the toner is never used completely 
is determined. Then, the detection of the end of the toner 
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by the toner density sensor 34 will be started just after 
the accumulated sum of the feeding periods exceeds 
the shortest period. 

[0100] The shortest period can be estimated based 
on the performance of the toner supply pump 31 . !t is 
desirable to set the shortest period to a period during 
which the toner supply pump 31 feeds the toner with a 
maximum performance. For example, if the perform- 
ance is 0.5±0.1g/sec. at a reference rpm of the toner 
supply pump, the maximum rate of the amount of the 
supply toner at the maximum performance is 0.6 g/sec. 
Therefore, the shortest period is calculated as follows: 

the shortest period (sec.) 
= initial amount of the unused toner (g) / the 
maximum rate 0.6 (g/sec.) 

[0101] In Fig. 12, the shortest period is used as an 
threshold value to judge whether the detection of the 
end of the toner can be started. At the step S1 22, it is 
determined whether the accumulated sum of the feed- 
ing periods obtained at the step S121 becomes equal 
to or greater than the shortest period. 
[0102] Then, (S122-YES) the detection of the end of 
the toner by the toner density sensor 34 will be started 
after the accumulated sum of the feeding periods ob- 
tained at the step S121 becomes equal to or greater 
than the shortest period (S122-YES). 
[01 03] The end of the toner is monitored using the out- 
put of the toner density sensor 34, the output of which 
is gradually increasing as the density of toner is gradu- 
ally decreasing. When the output of the toner density 
sensor 34 exceeds the predetermined value, a signal 
which indicates the end of the toner is supplied. The ton- 
er density sensor 34 is not explained because it is well 
known in the prior art. 

[0104] In this embodiment, at the step S123, the end 
of the toner is determined when the output value of the 
toner density sensor 34 becomes a greater value than 
the predetermined threshold value. 
[0105] In order to avoid mis-detetion of the end of the 
toner, the signal which indicates the end of the toner is 
not yet supplied if the end of the toner is detected only 
once (S123-YES). However, the signal which indicates 
the end of the toner is supplied after the end of the toner 
is detected more than 1 0 times. At a step S124, a coun- 
ter is incremented every time the end of the toner is de- 
tected at the step S123, and then, at the step S125, it 
is determined whether the counter value is greater than 
10. 

[0106] When the counter value is greater than 10 
(S125-YES), it is assumed that the toner is completely 
used. Then, at the step S126, the end of toner is dis- 
played to notify the users. It is also possible to display 
a message to call the attention of the users. It is also 



possible to inhibit the users from printing the images if 
the quality of the formed image is degraded, in order to 
avoid the degraded image from being printed. 
[0107] In this embodiment, as shown in Fig. 12, if the 

5 accumulated sum of the feeding periods is smaller than 
the shortest period (S1 22-NO), or if the output value of 
the toner density sensor 34 is smaller than the prede- 
termined threshold value (S123-NO), or if the counter 
value is smaller than 10 (S125-NO), then the procedure 

10 proceeds to the step S1 20 in the main routine as shown 
in Fig.11. 

[0108] In the embodiment described above, the color 
image forming apparatus is used to explain the embod- 
iment. However, it is apparent to those who are skilled 

15 in the art that the present invention is applied to a gray- 
scale image printing apparatus. 
[0109] In the embodiment described above, the re- 
placement assembly is described as the toner bottle or 
toner cartridge. However, it is apparent to those who are 

20 skilled in the art that the replacement assembly can be 
constructed by a combination of the toner bottle and the 
development unit, and a combination of the toner bottle, 
the development unit and the photosensitive unit. 
[01 1 0] The present invention is not limited to the spe- 

25 cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the present invention. 

[01 1 1 ] The present application is based on Japanese 
priority application No.2000-394988 filed on December 
30 26, 2000, Japanese priority application No. 
2000-394990 filed on December 26, 2000 and Japa- 
nese priority application No.2001-369812 filed on De- 
cember 04, 2001 , the entire contents of which are here- 
by incorporated by reference. 

35 

Claims 

1. An electro photographic image forming apparatus 
40 comprising: 

a replacement assembly having a toner con- 
tainer attachable to said image forming appa- 
ratus; 

45 a feeding unit to feed toner from said toner con- 

tainer to a development unit; and 
a read/write non-volatile memory; 

characterized in that, said image forming 
so apparatus comprising: 

an estimation unit which generate information 
in such way that first, said estimation unit ob- 
tains an amount of a toner feed period for said 
55 feeding unit during forming images, next, accu- 

mulates said amount of a toner feed period into 
a accumulated sum of said amount of toner 
feed periods, then, generates said information 
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on the amount of toner In said replacement as- 
sembly and stores said information into said 
read/write non-volatile memory. 

2. An electro photographic image forming apparatus 
comprising: 

a replacement assembly having a toner con- 
tainer attachable to said image forming appa- 
ratus; 

a feeding unit to feed toner from said toner con- 
tainer to a development unit; 
a toner detection unit which detects a density 
of the toner in said development unit and de- 
tects that the toner is used completely in said 
toner container; and 
a reaoVwrite non-volatile memory; 

characterized In that, said image forming 
apparatus comprising: 

an estimation unit which generate information 
in such a way that first, said estimation unit ob- 
tains an amount of toner feed period for said 
feeding unit during forming images, next, accu- 
mulates said amount of a toner feed period into 
an accumulated sum of said amount of a toner 
feed periods, then stores said accumulated 
sum into said read/write no n -volatile memory 
and makes said toner detection unit start de- 
tecting the amount of the toner contained in 
said toner container after said accumulated 
sum exceeds a predetermined value. 

3. The image forming apparatus as claimed in claims 

1 , characterized In that said image forming appa- 
ratus is able to operate under a plurality of image 
forming conditions, 

when a linear velocity for feeding the toner is 
changed according to said image forming condition, 
said estimation unit compensates said amount of 
said toner feed period during forming images ac- 
cording to said changed linear velocity. 

4. The image forming apparatus as claimed in claims 

2, characterized in that said image forming appa- 
ratus is able to operate under a plurality of image 
forming conditions, 

when a linear velocity for feeding the toner is 
changed according to said image forming condition, 
said estimation unit compensates said amount of 
said toner feed period during forming images ac- 
cording to said changed linear velocity. 

5. The image forming apparatus as claimed in claim 

3, characterized in that said estimation unit sepa- 
rately stores each accumulated sum for each linear 
velocity into said read/write non-volatile memory. 



6. The image forming apparatus as claimed in claim 
4, characterized in that said estimation unit sepa- 
rately stores each accumulated sum for each linear 
velocity into said read/write non-volatile memory. 

5 

7. The image forming apparatus as claimed in claims 

3, characterized in that said estimation unit calcu- 
lates a sole accumulated sum from a plurality of said 
compensated amounts of the feed period for a plu- 

io rality of linear velocities. 

8. The image forming apparatus as claimed in claims 

4, characterized In that said estimation unit calcu- 
lates a sole accumulated sum from a plurality of said 

15 compensated amounts of the feed period for a plu- 
rality of linear velocities. 

9. The image forming apparatus as claimed in claims 

5, characterized In that said estimation unit calcu- 
20 lates a sole accumulated sum from a plurality of said 

compensated amounts of the feed period for a plu- 
rality of linear velocities. 

10. The image forming apparatus as claimed in claims 
25 6, characterized in that said estimation unit calcu- 
lates a sole accumulated sum from a plurality of said 
compensated amounts of the feed period for a plu- 
rality of linear velocities. 

30 11. The image forming apparatus as claimed in claims 
1 , characterized in that said read/write non-vola- 
tile memory is placed in said replacement assembly. 

12. The image forming apparatus as claimed in claims 
35 2, characterized in that said read/write non-vola- 
tile memory is placed in said replacement assembly. 

13. The image forming apparatus as claimed in claims 

3, characterized in that said read/write non-vola- 
40 tile memory is placed in said replacement assembly. 

14. The image forming apparatus as claimed in claims 

4, characterized in that said read/write non-vola- 
tile memory is placed in said replacement assembly. 

45 

15. The image forming apparatus as claimed in claims 

5, characterized in that said read/write non-vola- 
tile memory is placed in said replacement assembly. 

so 16. The image forming apparatus as claimed in claims 

6, characterized in that said read/write non-vola- 
tile memory is placed in said replacement assembly. 

17. The image forming apparatus as claimed in claims 
55 7, characterized in that said read/write non-vola- 
tile memory is placed in said replacement assembly. 

18. The image forming apparatus as claimed in claims 
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8, characterized in that said read/write non-vola- 
tile memory is placed in said replacement assembly. 

19. The image forming apparatus as claimed in claims 

9, characterized in that said read/write non-vola- $ 
tile memory is placed in said replacement assembly. 

20. The image forming apparatus as claimed in claims 

10, characterized in that said read/write non-vol- 
atile memory is placed in said replacement assem- 10 
bly. 

21 . An IC chip attachable to an electro photographic im- 
age forming apparatus, said IC chip having a read/ 
write non-volatile memory which is connected to a 15 
' CPU in said electro photographic image forming ap- 
paratus when said IC chip is attached to said electro 
photographic image forming apparatus and is con- 
trolled by said CPU, 

characterized in that 20 

an accumulated sum of an amount of toner 
feed periods during which toner is supplied from a- 
toner container to a development unit in said image 
forming apparatus, is stored into said read/write 
non-volatile memory, 25 

said accumulated sum is read from said read/ 
write non-volatile memory when said IC chip is at- 
tached to said image forming apparatus, 

said accumulated sum read from said read/ 
write non-volatile memory is transferred to a main 30 
body of said image forming apparatus, 

a new accumulated sum of said amount of the 
toner feed periods is calculated based on the time 
i ntervals the toner is suppl ied from a toner container 
to a development unit in said image forming appa- 35 
ratus, and 

said new accumulated sum is rewritten ove: 
said accumulated sum which is already stored in 
said read/write non-volatile memory. 

40 

22. The IC chip as claimed in claim 21, characterized 
in that said IC chip separately stores each accumu- 
lated sum for each linear velocity into said read/ 
write non-volatile memory. 

45 

23. A replacement assembly having a toner container 
attachable to said image forming apparatus com- 
prising said IC chip as claimed in claims 21 . 

24. A replacement assembly having a toner container so 
attachable to said image forming apparatus com- 
prising said IC chip as claimed in claims 22. 
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